ABSTRACT To assess the potential adverse effects of a Bt rice line (Japonica rice cultivar, Nakdong) expressing a synthetic cry1Ac1 gene, C7-1-9-1-B, which was highly active against all larval stages of Cnaphalocrocis medinalis (Guené e) (Lepidoptera: Crambidae), we investigated the community structure of spiders in Bt and non-Bt rice Þelds during the rice-growing season in 2007 and 2008 in Chungcheongnam-do, Korea. Spiders were surveyed with a sweep net and suction device. Suction sampling captured more spiders, measured in terms of species level and abundance, than sweeping. Araneidae and Thomisidae were captured more by sweeping, and certain species were captured only by sweeping. These Þndings show that both suction and sweep sampling methods should be used because these methods are most likely complementary. In total, 29 species in 23 genera and nine families were identiÞed from the 4,937 spiders collected, and both Bt and non-Bt rice Þelds showed a typical Korean spider assemblage. The temporal patterns of spider species richness and spider abundance were very similar between Bt and non-Bt rice, although signiÞcant differences in species richness were observed on a few occasions. Overall, spider community structure, including diversity, the dominant species, and abundance did not differ between Bt and non-Bt rice. The results of the study indicated that the transgenic Cry1Ac rice lines tested in this study had no adverse effects on the spider community structure of the rice Þelds.
Bt crops require environmental risk assessment (ERA) to determine the effects of Bt toxicity and gene ßow on the ecological community. Previous studies showed that Bt crops did not have any signiÞcant effects on nontarget arthropods, such as natural enemies (Chen et al. 2009 , Tian et al. 2010 , Alvarez-Alfageme et al. 2011 ), but concerns remain and require further study. Natural enemies, especially generalist arthropod predators, have been the focus of many ERA studies of Bt crops because of their importance in insect pest control and the likelihood that they will be directly exposed to Bt toxin while they feed on prey and indirectly exposed via prey feeding on Bt crops (Dutton et al. 2003 ). In a Þeld study of a food web, Harwood et al. (2005) reported that certain predatory arthropods, such as Coccinellidae, Nabidae, and Araneae, contained signiÞcant quantities of Bt toxin. Prey-mediated effects of Bt crops on higher trophic levels are well-documented in laboratory studies (Lö vei and Arpaia 2005 , Torres and Ruberson 2008 , Chen et al. 2009 , Naranjo 2009 ).
Spiders, one of the most important predator groups in many agricultural ecosystems, are also most likely exposed to Bt toxin through the consumption of a wide variety of prey. These prey species may have been exposed to Bt toxin in their diet (Dutton et al. 2003) . In addition, secondary predation of spiders on smaller arthropod predators that contain Bt toxin may occur ). Another potential route of Bt toxin transmission to spiders is the ingestion of soil-dwelling arthropods via root exudates and plant biomass (Peterson et al. 2011) . Saxena et al. (2004) reported that Bt corn, potato, and rice release transgenic protein in root exudates during plant growth. Furthermore, it is probable that spiders are exposed to Bt toxin through the pollen of Bt crops, especially during anthesis in the Þeld. Spiders may ingest pollen if they recycle their webs or if their prey has collected or consumed pollen or is dusted with it (Ludy and Lang 2006) . In addition, some spiders (e.g., Thomisidae) appear to feed on pollen directly (Lundgren 2009) . Spiders rapidly colonize a crop Þeld and most likely remain during periods of low prey abundance (Wise 1993 , Sunderland et al. 1997 . Thus, spiders produce a positive effect by reducing pest populations in a crop Þeld, and studies of Bt crop effects on spiders are necessary.
Bt rice has been engineered to express cry1Ac and cry1Ab for the control of several lepidopteran pests, including the striped stem borer (Chilo suppressalis (Walker)), the yellow stem borer (Scirpophaga incertulas (Walker)), and the rice leaffolder (Cnaphalocrocis medinalis (Guené e)); High et al. 2004, Wang and Johnston 2007 . A Bt rice line expressing cry1Ac1 for the control of C. medinalis, an important rice insect pest in Asia (Wada et al. 1980 , Bautista et al. 1984 , was developed in Korea (Shin et al. 2009 ). C. medinalis is difÞcult to control with insecticides because the larvae roll rice leaves and remain inside the leaves. Bt rice can be an alternative control option for achieving an increase in yield with a lower insecticide application. Previously, a few laboratory and Þeld tests of the nontarget effects of Bt rice on spiders were performed (Li et al. 2007 , Chen et al. 2009 , Tian et al. 2010 , Han et al. 2011 , but a comprehensive Þeld study of such effects on the overall spider community has not yet been conducted. Thus, we conducted a 2-yr study to determine the potential impacts of Bt rice on the spider community in rice Þelds. A transgenic Bt rice line with a synthetic cry1Ac1 gene, C7-1-9-1, was used with its non-Bt isoline Japonica rice cultivar, Nakdong. The C7-1-9-1 line was developed to express insecticidal action derived from Bacillus thuringiensis Berliner. This Bt rice line is highly active against all larval stages of C. medinalis in a bioassay (Shin et al. 2009) A battery-powered suction device (DC 12V, Bioquip Co., Rancho Dominguez, CA) was used to collect spiders inhabiting the lower and middle parts of the rice plant. Four rice hills were included in each suction sample. In addition, a sweep net (39 cm in diameter) was used to collect spiders inhabiting the upper and top parts of the rice plant. Sweeping was performed at an angle of 180Њ and made of six strokes per sweep sample. Suction and sweep samples were each collected Þve times on every sampling date. Sampling was performed by maintaining a certain distance (3 m) cross-diagonally while avoiding interference at each sampling method. The direction of the sampling was changed on each sampling date. Sampling was not performed on the edge (1 m) of the plot.
Materials and Methods

Plot
Spider Identification. The collected spiders were Þxed in 85% ethanol and identiÞed to the species level under a dissecting microscope according to Namkung (2003) and Ono (2009) . The species names followed Namkung et al. (2010) , and the order of families followed the taxonomic order of PlatnickÕs catalog version 12.5 (Platnick 2012) . The most recent taxonomic information was used. Spider guilds were identiÞed according to Uetz et al. (1999) . Nesticidae was excluded in the spider guild composition analysis because it was not deÞned by Uetz et al. (1999) , and this exclusion would not affect the analysis because only one individual was captured each year in our study. Specimens were deposited in the Laboratory of Insect Ecology, College of Agriculture and Life Sciences, Seoul National University.
Data Analysis. The abundance of spiders was log(nϩ1)-transformed for statistical analysis, and the guild proportion was arcsine-transformed. A repeated measures analysis of variance (RM ANOVA) in SAS 9.2 (SAS Institute 2004, Cary, NC) was used to analyze the effect of the factor "Bt status" (i.e., Bt rice and non-Bt rice) on the number of individuals, number of species, and guild proportions.
To evaluate the adequacy of the sample size and to compare species richness between the Bt and non-Bt rice plots, we constructed rarefaction curves (Gotelli and Colwell 2001) 
Results
Overall Spider Community. Of the 4,937 individuals captured in this experiment, 4,220 individuals were obtained from suction sampling (Appendix 1). Nesticidae, Linyphiidae, Lycosidae, and Theridiidae were mostly captured by suction sampling (Ͼ93%). Araneidae, Thomisidae, and Pisauridae were captured more frequently by sweeping (Ͼ57% Overall, a total of 29 species in 23 genera and nine families were found (Appendix 1). Four families (Lycosidae, Linyphiidae, Theridiidae, and Tetragnathidae) were dominant in species richness and abundance, representing 72.4 and 92.4% of the total, respectively. The six dominant spider species, ranging from 4.2 to 36.9% of the total abundance, were Gnathonarium dentatum (Wider) and Ummeliata insecticeps (Bö senberg et Strand) (Linyphiidae), Pachygnatha clercki Sundevall, and Tetragnatha maxillosa Thorell (Tetragnathidae), Pirata subpiraticus (Bö senberg et Strand) (Lycosidae), and Clubiona kurilensis (Bö senberg et Strand) (Clubionidae). These species represented 84.1 and 79.8% of all spiders collected in 2007 and 2008, respectively. The most abundant species was Pi. subpiraticus (36.9% of the total number of individuals), followed by U. insecticeps (18.4%). Of the 29 species collected, 10 species were represented by Ͻ10 individuals. These species represented 34% of the total number of species and 0.6% of the total number of individuals (Appendix 1).
The most dominant guild was the ground runners, Lycosidae, representing 14% of the total number of species and 39.6% of the total number of individuals (Appendix 1). The wandering sheet-web builders, Linyphiidae, represented the second most dominant guild.
Effect of Bt Rice on Spider Community. TwentyÞve species in 21 genera and eight families with 2,438 individuals and 26 species in 21 genera and nine families with 2,499 individuals were found in Bt and non-Bt rice, respectively (Appendix 1). The species richness and the abundance of spiders during the season were higher in 2008 than in 2007, but were very similar in Bt and non-Bt rice, although signiÞcant differences in species richness were observed on a few occasions (Fig. 1) . Overall, the species diversity of spiders considering species richness and abundance did not differ signiÞcantly between Bt and non-Bt rice (Table 1) . Furthermore, the species richness and the abundance of spiders in each family did not differ signiÞcantly between Bt and non-Bt rice except that the abundance of Theridiidae was lower in Bt rice in 2008 (F ϭ 14.11; df ϭ 1, 4; P ϭ 0.02; Fig. 2 ). This exception occurred because of Parasteatoda oculiprominens (Saito) that represented 69.5% of the Theridiidae in 2008 (Appendix 1).
The spider community was dominated by six species, representing 81.7 Ϯ 2.2% (mean Ϯ SE) of the total abundance in Bt rice and 76.2 Ϯ 2.7% in non-Bt rice (Fig. 3) . The most dominant species were Pi. subpiraticus in 2007 (51.8%) and U. insecticeps in 2008 (33.6%). Overall, no signiÞcant differences were observed for these six dominant species between Bt and non-Bt rice with the exception of Pa. clercki (F ϭ 7.81; df ϭ 1, 4; P ϭ 0.05) and T. maxillosa (F ϭ 7.77; df ϭ 1, 4; P ϭ 0.05) in 2008 (Fig. 4) . In general, no signiÞcant differences in spider guilds were found between Bt and non-Bt rice except for a space-web builder in 2008 (F ϭ 11.60; df ϭ 1, 4; P ϭ 0.03; Fig. 5 ).
Discussion
To assess the effects of Bt crops on nontarget arthropods in the Þeld (e.g., biodiversity), it is important to choose appropriate sampling methods and sample sizes because differences in the behavior and ecology of the nontarget arthropods may affect the efÞcacy of sampling. For this reason, the use of more than one sampling method is often recommended for biodiversity surveys, depending on the taxa targeted (Resources Inventory Committee 1998). We used two sampling methods, suction and sweeping. This choice was based on the spider habitat and the activity of the spiders. These two sampling methods are frequently used in rice arthropod surveys (Schoenly et al. 1996, Bambaradeniya and Edirisinghe 2008) . In our study, suction sampling captured more spiders, in terms of species level and abundance, than sweeping. Chen et al. (2006) recommended that vacuum-suction sampling should be preferred for detecting the effects of Bt rice on ßightless arthropods. In our study, however, Araneidae and Thomisidae were captured more frequently by sweeping. Moreover, certain species, such as Par. angulithorax, T. extensa, A. bruennichi, and E. tricuspidata, were captured only by the sweeping method. These Þndings show that both suction and sweep-sampling methods should be used because these methods are most likely complementary.
Concern has been raised that a small plot size in a Þeld study may not differentiate the potential differences in arthropod diversity and abundance between Bt and non-Bt crops because of the relatively high dispersal ability of arthropods (Sisterson et al. 2004 , Farinó s et al. 2008). Our 2-yr Þeld study was conducted in small plots (Ͻ0.05 ha per plot) because of the applicable regulations and policy governing the study. Previous studies were also conducted in small plots (0.03Ð 0.07 ha) to assess the effects of Bt rice (Chen et al. 2006 (Chen et al. , 2009 Li et al. 2007; Tian et al. 2010; Han et al. 2011; Akhtar et al. 2013) . Another concern may be the edgeÐ barrier size between plots to avoid interplot movement of spiders. In our study, sampling was not conducted within 1 m of the edge of the plot and plots were bordered by a 50-cm-wide plastic walkway with 60 cm height above water surface to minimize edge effects. The walkway could limit the dispersal of spiders as a linear infrastructure (Mader et al. 1990 ). However, this size of barrier might not completely exclude any potential dispersal of spiders. The plot size and edgeÐ barrier size should be further considered in the ERA studies of Bt crops. The rarefaction curves that we obtained indicate that our sample size was adequate because the total number of individual spiders collected in our study reached an asymptote in species richness (Fig. 6) .
The community structure of spiders found by our study was similar to that reported by previous studies conducted in Korean rice Þelds (Kim 1995 , Im and Kim 1999 , Lee et al. 1997 . Overall, no differences in the species richness and abundance of spiders were found between Bt and non-Bt rice. As a result, our study found that the spider community structure in Bt and non-Bt rice was very similar. The temporal patterns in spider species richness and spider abundance were very similar between Bt and non-Bt rice, although signiÞcant differences in species richness were observed on a few occasions (Fig. 1 ). It appears that a few spider species, namely, Par. oculiprominens, T. maxillosa, and Pa. clercki, caused this difference. Par. oculiprominens and T. maxillosa were captured more frequently in non-Bt rice, whereas Pa. clercki was captured more frequently in Bt rice. We speculate that this difference is most likely a result of chance variation. T. maxillosa and Pa. clercki immigrate into rice Þelds at the early rice stage, whereas Par. oculiprominens is observed at the late rice stage. Because these species are web builders, it is less probable that they will move to other habitats after colonization. Par. oculiprominens and Pa. clercki appear to have a very similar niche. This similarity may result in strong interspeciÞc competition for space and prey. Because Pa. clercki occurs earlier than Par. oculiprominens, Par. oculiprominens may occur more frequently in rice when Pa. clercki occurs less. InterspeciÞc competition in web-building spiders has been demonstrated in various habitats, including agricultural ecosystems (Uetz 1979 , Marshall and Rypstra 1999 , Novak et al. 2010 . For these reasons, it appears that interspeciÞc competition and differences in the early immigration density might produce occasional differences among spiders populations during the rice-growing season and that these differences are not caused by the Bt rice itself.
Previous studies were conducted to assess the effects of Bt rice on certain spider species or families. In contrast, our study examined the entire spider community at the species level and was the Þrst trial of its type conducted in rice Þelds. Previous studies also showed that Bt rice had no negative effects on spiders. According to Chen et al. (2009) , the survivorship and fecundity of Pi. subpiraticus preying on Bt rice-fed C. medinalis were not signiÞcantly affected, although the developmental time of the spider was signiÞcantly longer. Tian et al. (2010) showed that Bt rice did not signiÞcantly affect the population density of U. insecticeps. Han et al. (2011) reported that three transgenic Bt rice strains expressing cry1AbÐcry1Ac, cry1C, and cry2A had no signiÞcant adverse effects on three predator species, Cyrtorhinus lividipennis Reuter, Pi. subpiraticus, and Theridium octomaculatum (Bö senberg et Strand), in rice Þelds.
The effect of transgenic plants on spiders at the community level has been examined in other crops. Peterson et al. (2011) conducted a meta-analysis of the effects of Bt cotton, corn, potato, rice, and eggplant on spiders and suggested that there are no consistent negative effects of Bt toxin against spiders. Several other studies also found no effect or no consistent effect of Bt crops on spiders (Sisterson et al. 2004 , Whitehouse et al. 2005 , Ludy and Lang 2006 , Ř ezáč et al. 2006 , Farinó s et al. 2008 ).
The Bt rice line with a synthetic cry1Ac1 gene for control of C. medinalis generally showed no negative effects on the spider community in this study. However, uncertain negative effects on spiders may cause a decline in naturally occurring biological control effects on nontarget pests and may produce a demand for additional control efforts. Future Þeld studies may be needed to detect a delayed risk, if any. Moreover, laboratory experiments, in which extraneous variables are relatively easy to control, are needed to clarify the direct and indirect effects of the cry1Ac toxin on spiders.
